We study the elasticity of taxable labour income in the Netherlands. We use a large and rich data set, including both financial and demographic variables, for the period 1999-2005. The 2001 tax reform generates large exogenous variation in marginal tax rates at different segments of the income distribution. For all workers, we find an elasticity of 0.10 in the short run, 1 year after the reform, rising to 0.24 in the medium to longer run, 5 years after the reform. Furthermore, we find that the elasticity is higher for higher incomes and women. Also, we find that the elasticity of taxable labour income is higher than the elasticity of annual hours worked.
Introduction
Following the seminal contributions by Feldstein (1995 Feldstein ( , 1999 , the recent public finance literature has focused on the so-called elasticity of taxable income (ETI) to measure the behavioural responses to changes in taxation. The ETI is a more comprehensive measure of behavioural responses to changes in taxation than e.g. the labour supply elasticity because it captures the full range of tax base responses including effort, occupational choice, tax avoidance and tax evasion. The ETI may therefore provide a better measure for the efficiency costs of taxation, although there is an active debate on whether or not the ETI is a sufficient statistic to measure the deadweight loss from taxation (Chetty, 2009; Saez et al., 2012; Doerrenberg et al., 2016) .
In this paper we estimate the ETI for the Netherlands. Specifically, we consider the responsiveness of taxable labour income of employees to changes in (effective) marginal tax rates. We use a rich data set, the Labour Market Panel of Statistics Netherlands (2009) , that contains both taxable labour income data from the Tax Office and a large number of socioeconomic variables taken from the Labour Force Survey (education) and from the municipalities (ethnicity, household type) that are typically absent from tax return data. The data set covers the period 1999-2005. The 2001 tax reform in the Netherlands generates large exogenous variation in marginal tax rates at different segments of the income distribution.
We estimate the ETI by running a regression of the change in log taxable labour income on the change in the log of the net-of-tax rate (1 minus the effective marginal tax rate) and a number of controls. ETI studies typically look at either the elasticity of broad income (before deductions) or the elasticity of taxable income (after deductions) as the dependent variable. Our outcome variable of taxable labour income is closer to the concept of broad income than to the concept of taxable income, taxable labour income is broad income minus work-related deductions but before personal deductions.
1 The empirical literature on the ETI has identified a number of concerns that we need to address. One concern is the endogeneity of the marginal tax rate. In a tax system with rising marginal tax rates, a higher income leads to a higher marginal tax rate when the individual moves to a higher tax bracket. This creates a relationship between the error term and the net-of-tax rate and therefore leads to biased estimates. Following Auten and Carroll (1999) we deal with this problem by using synthetic net-of-tax rates as an instrument for actual net-of-tax rates. Specifically, we project income forward using average income growth, and calculate synthetic marginal tax rates using this projected (exogenous) income. Another concern is mean reversion in income growth. Individuals that experience a positive (negative) shock in income in one period are more likely to have lower (higher) subsequent income growth than individuals that do not have a positive (negative) shock to income. This leads to mean reversion in incomes. When the reform targets mostly low-income groups or high-income groups this may again lead to a bias in the estimates of the ETI. Again following Auten and Carroll (1999) , we control for mean reversion by including log base-year income in the control variables.
A further concern are other exogenous group-specific changes in income. For example, skill-biased technological change or globalization may cause the incomes of high-wage earners to rise faster than the incomes of low-wage earners. If the reform targets high-wage earners we run the risk of confounding the treatment effect of the change in tax rates with differential trends for different income groups. We argue that this is less of a concern in our case. First, we show that the income distribution was stable over the decade before the reform, similar to the case of Denmark studied in Kleven and Schultz (2014) . Second, also similar to Kleven and Schultz (2014) , we study a reform that led to significant changes in marginal tax rates for different groups of the income distribution, not just high-wage earners but also low-and middle-wage earners, and within some groups we have both positive and negative changes as well. Third, similar to Kleven and Schultz (2014) , we have a data set that includes socioeconomic variables. This allows us to control for differential trends for individuals with different socioeconomic characteristics like the level of education and ethnicity. However, as a robustness check we also consider the solution to differential trends offered by Gruber and Saez (2002) , they control for differential trends across the income distribution by including a spline in log base-year income in the set of controls.
Our main findings are as follows. In our base specification we find an ETI of 0.24 for all workers. This ETI is robust to different ways of controlling for exogenous income growth, the income cutoff and the choice of base year. For workers with a high income (>50K euro) the ETI is higher, though the exact value of their elasticity depends on the way we control for exogenous income growth. We also find that the ETI is higher for women than for men. Finally, we find that the ETI is higher than the elasticity of annual hours worked.
We make three contributions to the literature. First, we present the first estimates for the ETI in the Netherlands using the Gruber and Saez (2002) methodology.
2 Indeed, there is a large number of ETI studies for Anglo-Saxon countries (e.g. Feldstein, 1995; Auten and Carroll, 1999; Sillamaa and Veall, 2001; Gruber and Saez, 2002; Kopczuk, 2005; Weber, 2014; Burns and Ziliak, 2016) and for Scandinavia (e.g. Aarbu and Thoresen, 2001; Hansson, 2007; Blomquist and Selin, 2010; Holmlund and Soderstrom, 2011; Gelber, 2014; Kleven and Schultz, 2014; Thoresen and Vatto, 2015) , but only a handful of studies for Continental Europe. Table A .1 in the appendix gives an overview of ETI studies. Studies for Anglo-Saxon countries typically find a relatively high ETI, with recent estimates suggesting a value for the elasticity of broad income of 0.29 (Burns and Ziliak, 2016) to 0.48 (Weber, 2014) . Studies for Scandinavia typically find a relatively low ETI, with recent estimates suggesting a value of around 0.02-0.05 for the broad income elasticity in Norway (Thoresen and Vatto, 2015) , 0.06 for Denmark (Kleven and Schultz, 2014) and 0.09-0.15 for Sweden (Gelber, 2014) . Clearly, the deadweight loss of taxation is quite different for an ETI of 0.1 than for an ETI of 0.4. Hence, obtaining estimates for the ETI for countries in Continental Europe is of considerable importance. Lehmann et al. (2013) estimate an elasticity of broad income of 0.22 for France, using a reform targeted at lower incomes. Doerrenberg et al. (2016) estimate a broad income elasticity of 0.16-0.28 for Germany, using several reforms. Our base estimate of 0.24 for the Netherlands is in line with the findings for France and Germany. Hence, it appears that the elasticity of broad income in Continental European countries takes an intermediate position between Anglo-Saxon countries and Scandinavia. Our second contribution is that we compare the elasticity of taxable labour income with the elasticity of annual hours worked. Annual hours worked responses represent real distortions, whereas other tax base responses may only represent shifting behaviour with potentially large fiscal and other externalities. There are only a few studies that compare the two, information on hours worked is typically lacking in tax return data.
3 Moffitt and Wilhelm (2000) report a substantial elasticity of 2 An earlier version of this paper was published as a technical report (Jongen and Stoel, 2013) . 3 Indeed, Saez et al. (2012, p.38) argue that "[I]t would certainly be valuable to follow upon 4 broad income for high-income earners in the US, but do not find an increase in reported hours of work. In a recent study, Thoresen and Vatto (2015) find a small but positive and significant hours worked elasticity for wage earners in Norway of 0.04-0.05, which is very close to their estimated broad income elasticity of 0.02-0.06. We also find a positive significant hours worked elasticity for wage earners in the Netherlands of 0.05, but this elasticity is substantially lower than our estimated broad income elasticity of 0.21 for the sample for which we also have data on hours worked. Apparently, other mechanisms than hours worked seem to play a role in tax-base responses in the Netherlands. Our third contribution is that we estimate the short-to medium-or longer-run taxable labour income elasticity, estimating the taxable labour income elasticity 1 year since the start of the reform (0.10 for the period 1999-2001), 3 years since the start of the reform (0.17 for the period 1999-2003) and 5 years since the start of the reform (0.24 for the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] . 4 We find that the elasticity is higher for longer horizons.
5 Following Gruber and Saez (2002) , it is common practice to use 3-year intervals in the base specification. Our results suggest that this interval may be too short to capture the full tax-base responses to changes in marginal tax rates, and the same is true for hours-worked responses. The outline of the paper is as follows. In Section 2 we consider the main features of the 2001 tax reform that we use as exogenous variation in the empirical analysis. Section 3 outlines our empirical methodology. In Section 4 we discuss the data set and give some descriptive statistics. Section 5 gives the estimation results and a number of robustness checks. Section 6 discusses our findings and concludes.
The 2001 tax reform
In our empirical analysis we use data for the period 1999-2005. The 2001 tax reform in the Netherlands generates large exogenous variation in effective marginal tax rates. Table 1 shows the statutory tax bracket rates and the tax bracket lengths over the data period. In both the pre-and post-reform period there were four tax Moffitt and Wilhelm (2000) and systematically compare income reporting responses to tax changes with real economic responses such as labor supply or output."
4 Using the same sample for the different horizons. 5 Estimating the effect for all years, the full effect is realized 4 years after the reform. brackets. In 2000, the last year before the tax reform, the first bracket rate was 33.9%, the second bracket rate was 37.95%, the third bracket rate was 50% and the fourth (open) bracket rate was 60%. In 2001, the first year of the reform, the rate in the first and second bracket dropped only slightly, to 32.35% and 37.60% respectively, and then increased somewhat in the subsequent years. The third and fourth bracket rates dropped by 8 percentage points to 42% and 52%, respectively. However, there were also important shifts in bracket lengths. The first and the second bracket became longer, reducing marginal tax rates for individuals that moved to a lower tax bracket. The third tax bracket became shorter, which moved part of the individuals that were in the third tax bracket to the fourth tax bracket, which meant a slight increase in the marginal tax rate from 50 to 52% for this group. 
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Next to changes in bracket rates and bracket lenghts, another important driver of changes in effective marginal tax rates was the substantial increase in the (general) earned income tax credit (Arbeidskorting) in 2001. This earned income tax credit was phased in up to 16,000 euro in 2001.
7 This led to a significant drop in effective marginal tax rates for low incomes. Furthermore, the change from tax allowances (the benefit of which does depend on marginal tax rates) to tax credits (the benefit of which does not depend on marginal tax rates) creates additional variation in effective marginal tax rates in the lower part of the income distribution. Figure 1 illustrates the changes in effective marginal tax rates. In this figure we plot the change in effective marginal tax rates from 1999 to 2001 (for 2001 we use synthetic marginal tax rates, more on this below) against income in year 1999. From the table it is clear that the tax reform of 2001 reduced marginal tax rates for large parts of the income distribution. However, also for large parts of the income distribution there were hardly any changes. In particular, a large part of individuals in the second tax bracket experiences hardly any change, and also individuals that were shifted from the third to the fourth tax bracket hardly experienced any change. These groups serve as control groups in the empirical analysis. Table 1 also makes clear that there was basically one major change in marginal tax rates in our data period. After 2001, tax rates and tax brackets remained rather stable, at least up to 2005. This can also be seen in Figure 2 , which shows a histogram of year-on-year changes in effective marginal tax rates for our data set. We see that for all year-on-year changes except 2000-2001 most individuals experience hardly any change in the effective marginal tax rate (of course incomes and hence marginal tax rates do change for some individuals), whereas in 2000-2001 there is a clear second spike around -8%-points and also some smaller spikes of individuals that experience a more modest decrease or increase in effective marginal tax rates.
Empirical methodology
Following Auten and Carroll (1999) , Gruber and Saez (2002) and Kleven and Schultz (2014) , our base specification reads:
In this regression, E i,t (E i,t+s ) denotes taxable labour income of individual i in year
is the net-of-tax rate of individual i in year t (t + s), X it are additional control variables (demographic dummies and sector dummies), measured in the base year t, and ε i is the error term. 8 We estimate the elasticity of taxable income for different horizons s, allowing for a difference between shortand medium-run effects. Specifically, we estimate differences for s equal to 2 years (1999-2001), 4 years (1999-2003) and 6 years (1999) (2000) (2001) (2002) (2003) (2004) (2005) . β 1 is our main parameter of interest, the elasticity of taxable labour income with respect to the net-of-tax rate.
There are a number of concerns that we need to address in our empirical analysis. First, the marginal tax rate is endogenous. In a progressive tax system, a higher income leads to a higher marginal tax rate when the individual moves to a higher tax bracket. This creates a relationship between the error term and the net-of-tax rate and therefore to biased estimates. Following Auten and Carroll (1999) we deal with this problem by using synthetic net-of-tax rates as an instrument for actual netof-tax rates. Specifically, we project income forward using average income growth, and calculate synthetic marginal tax rates using this projected income which reflects the income in the absence of behavioural changes. We then estimate equation (1) using two-stage least squares with the synthetic net-of-tax rates as an instrument for actual net-of-tax tax rates.
9 In the empirical analysis this instrument is always very strong (available on request).
8 In all regressions we report heteroscedasticity robust standard errors, and we weight observations by base year income and by the population weights in the data set. 9 The first-stage equation reads:
where T synthetic i,t+s (.) is the synthetic effective marginal tax rate corresponding to the synthetic income E synthetic i,t+s in period t + s.
Another concern is mean reversion in income growth. Individuals that experience a positive shock in income in one period are more likely to have lower subsequent income growth than individuals that do not have a positive shock to income, and vice versa for individuals that experience a negative income shock. This leads to mean reversion in incomes. When the reform targets mostly low-or high-wage earners this may again lead to a bias in the estimates. Again following Auten and Carroll (1999) , we control for mean reversion by including log base-year income in the explanatory variables. We expect this variable to have a negative sign, so that ceteris paribus individuals with a higher base year income will have lower subsequent income growth. The results show that it is important to control for mean reversion, in line with the findings of Kleven and Schultz (2014) .
A further concern, recently emphasized by Kopczuk (2012) , is that the dynamics of mean reversion may be different for the treatment group (with substantial changes in effective marginal tax rates) and control group (with minor changes in effective marginal tax rates). Below we provide graphical evidence for the pre-reform period that shows that these dynamics are quite similar for our treatment and control group.
Yet another concern is that we need to control for other exogenous changes in income. Indeed, skill-biased technological change or globalization may cause the incomes of high-wage earners to rise faster than low-wage earners. If the reform targets high-wage earners we run the risk of confounding the treatment effect of the change in tax rates with differential trends for different income groups. We believe that this is less of a concern in our case. First, the income distribution was relatively stable over the decade before the reform, similar to the case of Denmark studied in Kleven and Schultz (2014) . Figure 3 shows that the income shares of the top 10, 5, 1 and 0.5% of the income distribution were very stable in the decade before the 2001 reform. Furthermore, Afman (2006, Table 1) shows that the same is true for all income deciles. Figure 3 suggests some increase in top income shares after the 2001 reform, but a break in the series, due to a change in the definition of income, makes it hard to infer the effect of the 2001 reform. Figure 4 shows the top wage income shares in our data set, there is no break in this series but the data period is much shorter, which do suggest an increase in the top incomes shares following the reform. Second, also similar to Kleven and Schultz (2014) , we study a reform that led to significant changes in marginal tax rates for different groups of Additional income components (in particular one-off payments like severance pay) were included, and some income components were obtained from other data sources than before (see Knoef, 2011 , for an overview of the most important changes). the income distribution, not just high-wage earners but also low-and middle-wage earners and within some income groups we have both positive and negative changes (see Figure 1) . Third, similar to Kleven and Schultz (2014) we have a data set that includes socioeconomic variables that allow us to control for differential trends for individuals with different socioeconomic characteristics like the level of education and ethnicity. 10 However, as a robustness check we also consider the solution to differential trends offered by Gruber and Saez (2002) who control for differential trends across the income distribution by including a spline in log base-year income. These splines can be used to control for mean reversion and for different income growth across income groups, such as skill-biased technological progress. However, an issue with this method is that the coefficients of the splines could 'soak up' not only exogenous growth differentials but also the identifying variation of the tax reform. Keeping this concern in mind, we also present results using a 5-piece spline in log base-year income, dividing income groups in quintiles. The five knots of the spline are added as variables to the regression and the coefficients capture quintile specific income growth.
Data
We From this data set we select employees aged 20-55 in 1999, that earn more than 10 thousand euro in 1999, that have no income from social insurance benefits (e.g. disability, unemployment or early retirement benefits), and that do not change between the states of single, single parent or part of a couple over the whole period 10 Furthermore, we also include a dummy for the sector in which the individual is working to allow for sector-specific wage growth. of 1999-2005. We make these selections to limit problems of mean reversion and to remove big changes in marginal tax rates and income that are not linked to the tax reform. Furthermore, we do not have information on personal deductions in our data set. This creates measurement error in the net-of-tax rates, since we have an imprecise measure of taxable income, and hence also in the change in the net-of-tax rates. To mitigate this problem, we drop individuals whose marginal tax rate changes by more than 30 percent, which are unrelated to the reform and more importantly are likely to contain substantial measurement error. 11 After these selections are made we are left with 160,601 observations for the regressions.
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11 Specifically, we restrict the sample to individuals with an absolute change in the log of the net-of-tax rate less or equal to .3. Table A .4 in the appendix shows that the estimated elasticities are indeed somewhat smaller when we include the observations with bigger changes in effective marginal tax rates, consistent with classical measurement error.
Descriptive statistics of the estimation sample are given in Table 2 . Mean taxable labour income in 1999 is 30,573 euro. For the socioeconomic characteristics we use the data for the base year 1999. Individuals in our sample are on average 39.7 years old. 67% of individuals in our sample are men (due to the selections). Most of the individuals have higher secondary education (45%) or tertiary education (34%), a small minority has only primary education (4%) and some more individuals have lower secondary education (17%). Regarding ethnicity, 90% is native Dutch, 3% is Western immigrant and 7% is Non-Western immigrant. Looking at household composition, most individuals are in a married couple with children (56%). The second largest category is individuals in a married couple without children (16%). The shares of singles and individuals in unmarried couples without children are 11% and 12%, respectively, and the shares of individuals in unmarried couples with children (3%) and single parents (2%) are small.
We use the official tax-benefit calculator MIMOS-2 of CPB Netherlands Bureau for Economic Policy Analysis for the 1999-2005 period to calculate effective marginal tax rates. MIMOS-2 is a tax-benefit calculator that contains a detailed programming of the tax-benefit system in the Netherlands, including all income dependent subsidies and tax credits. We determine effective marginal tax rates by increasing all gross incomes by 3 percent.
12 Effective marginal tax rates are then calculated as the change in gross income minus the change in disposable income over the change in gross income. Synthetic effective marginal tax rates are calculated for synthetic income. We use the growth of average taxable labour income in our selection to project synthetic income forward out of 1999. In the regressions we use the change in real taxable labour income in 1999 euro, incomes from later years are deflated with the CPI.
Following Kleven and Schultz (2014, Figure 4 ), Figure 5 gives real taxable labour income, normalized to 100 in the year 2000, for the 'treatment group', individuals that experienced a decrease in their synthetic tax rates over the period 1999-2005, and the 'control group', individuals that did not experience a decrease (or an increase) in their synthetic tax rates over the period 1999-2005. We observe that the average growth in taxable labour income is the same for the treatment and con-12 The Netherlands has an individual tax system where some subsidies and tax credits depend on household income. For couples we calculate the effective marginal tax rate for each partner separately, keeping the income of the other partner fixed. trol group prior to the reform, 1999-2000, but then taxable income grows somewhat faster for the treatment group than the control group. 13 Again following Kleven and Schultz (2014, Figure 4 ), Figure 6 also shows real taxable labour income, again normalized to 100 in the year 2000, separately for the treatment group that experiences a large drop in the effective marginal tax rate (< -5 percent) and the treatment group that experiences a small drop in the effective marginal tax rate (0 percent < x < -5 percent). Again the treatment groups and the control group show a similar growth prior to the reform, but the treatment group that experiences a larger drop in effective marginal tax rates show a larger subsequent growth in taxable labour income than the treatment group with a smaller drop in the effective marginal tax rate. Note however that this is not controlling for differences in demographic characteristics, differences in the sector in which the individual works or mean reversion. This is what we do in the regression analysis below. However, before we turn to the regression analysis, we first present a few additional graphical checks on the validity of the empirical approach. Following Weber (2014, Figure 1) , Figure 7 gives a semi-parametric representation of the relation between the outcome variable (the growth in taxable labour income) and the instrument (the predicted change in the log marginal net-of-tax rate).
14 The dashed lines give the 95% confidence interval. There is a positive relationship between the instrument and the outcome variable, with some 'flattening' of the relation close to zero.
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Again following Weber (2014, Figure 2) , Figure 8 gives a graphical representation of the first-stage of the regressions, the relation between the predicted log of the marginal net-of-tax rate change and the actual log of the marginal net-of-tax rate change. The relation is very strong for the most part. Only at the upper tail the relationship weakens and even seems to reverse, but there are only a few observations there.
Finally, following Kopczuk (2012, Figure 20) , Figure 9 plots the growth in taxable labour income in the pre-reform period 1999-2000 against the level of taxable labour income in 1999, separately for the treatment group (decrease in effective marginal tax rate) and the control group (no decrease or increase in effective marginal tax rate). Note that there are no individuals in the control group for the highest incomes, since the reform reduced the top marginal tax rate. We see that for the income segment for which the treatment and control group overlap, the growth in taxable labour income is quite similar. Furthermore, the relation is negative, as we would expect in the case of mean reversion. Table 3 gives the base results for all workers. We show three different specifications, one with no pre-reform income controls, one with log base-year income to control for mean reversion and one with a 5-piece spline in log base-year income to control for mean reversion and other remaining differential trends in exogenous income growth. In all regressions we include socioeconomic controls and dummies for the sector in which the individual is working (all measured in 1999).
Results
14 Using the lpolyci command in Stata, with a third-order polynomial and a bandwidth parameter of 0.16, following Burns and Ziliak (2016) . 15 Other papers that present similar plots show a similar flattening of the relation close to zero (e.g. Weber, 2014; Burns and Ziliak, 2016; Doerrenberg et al., 2016) . Not controlling for base-year income we find small, and even negative, ETIs, in line with the findings of Kleven and Schultz (2014) . However, when we include log base-year income to control for mean reversion in income growth we find significant positive ETIs, again in line with the findings of Kleven and Schultz (2014) . 16 The elasticity rises from 0.10 in the short-run (1999) (2000) (2001) to 0.24 for the medium to longer run (1999) (2000) (2001) (2002) (2003) (2004) (2005) when we use log base-year income as a control. The rise in the ETI suggests that adjustment to the new marginal tax rates takes time.
Since Gruber and Saez (2002) , it is common practice to use 3-year intervals in the base specification (and present 1-or 2-year intervals as a robustness check). Our results suggest that this interval may be too short to capture the full tax base responses to changes in marginal tax rates. 17 Finally, when using the 5-piece spline we find very similar results, indeed the parameter estimates are not statistically significantly different, the elasticity rises from 0.08 in the 1999-2001 period to 0.22 for the 1999-2005 period. The fact that we find similar results using log base-year income and using a spline in log base-year income is consistent with a stable income distribution.
18 Table 4 shows that our results are robust to the income threshold. Specifically, when we select individuals with an income above 5,000 euro in 1999, instead of 10,000 euro in the baseline, we find similar elasticities. In particular, with our preferred specification with log base-year income as the income control, we now get an estimate of 0.23, compared to 0.24 in the base sample. The results using the 5-piece spline are also very similar, 0.20 compared to 0.22 when using the base sample. Table 5 shows that our results are also quite similar when we use 2000 as the base year.
19 When we use 2000 instead of 1999 as the base year, we find an elasticity of 0.18 compared to 0.24 in the baseline using log base-year income, and 0.21 compared to 0.22 using the 5-piece spline. One potential advantage of using 2000 as the base year is that we can include the log of 1999 income as well as the log difference between 1999 and 2000 income, following Kopczuk (2005) . This allows for a separate treatment of mean reversion and differential trends. Using these income controls we find a somewhat lower elasticity of 0.16 than the 0.18 when using only log year 2000
17 And the same is true for hours worked responses, see below. Thoresen and Vatto (2015 , Table   B .4) also find that the elasticity of broad income and hours worked rises when they use longer intervals, also when they increase the interval length from 3 to 4 years. Estimating the effect for all years, we find that the full effect is realized 4 years after the reform (1999) (2000) (2001) (2002) (2003) (2004) , see Table  A .3 in the appendix. Note that there are small differences with the base results for the period 1999-2001, 1999-2003 and 1999-2005 , because now we only include observations whose (absolute) change in effective marginal tax rates is less than 30% in 2002 and 2004 as well.
18 Table A .4 shows that we obtain somewhat lower estimates when we also include observations with bigger changes in effective marginal tax rates. However, as argued in the data section, the additional observations are likely to be contaminated with measurement error. Indeed, the profile of estimates with different sample selections follows the pattern of classical measurement error, with the elasticity falling somewhat as we allow for bigger (absolute) changes in the effective marginal tax rates. 19 We prefer 1999 as the base year, because there might be anticipation effects. income.
In Table 6 we consider the outcomes of the base specification for different income subgroups. We focus on the results for the period 1999-2005. We estimate somewhat lower elasticities for the low income group (10-50K): 0.22 using log base-year income and 0.12 using the 5-piece spline.
20 Our preferred specification is with log base-year income, since the 5-piece spline is more likely to soak up part of the remaining variation in the smaller income segment. For the group with income between 50-100K, we estimate an elasticity of 0.20 using log base-year income, and the estimate drops somewhat to 0.17 when we include a 5-piece spline. For the group with income above 50K, without upper bound 21 , we estimate the largest elasticities. Using log base-year income as a control the estimate is 0.45, but this drops substantially to 0.27 when we include the 5-piece spline. Differential trends may play a role for the higher incomes, and it is not directly clear which specification is to be preferred for this group. However, our finding that taxable or broad income elasticities are higher for higher incomes is consistent with the literature (Saez et al., 2012) . We also estimate the base regressions separately for single men and women, and men and women in couples, the results can be found in Table 7 . We find larger elasticities for single women than for single men, and also (much) larger elasticites for women in couples than for men in couples. The elasticity for single women is somewhat lower than for women in couples, whereas the elasticity for single men is higher than for men in couples.
Finally, also of interest is the size of the elasticity of taxable labour income relative to the elasticity of annual hours worked, to see how much of the estimated response is due to a change in labour supply and how much is due to other factors. We do not have full coverage of hours worked, about 40 percent of the workers are covered in the data set, which are mostly workers in the public sector and in large companies. For these workers we estimate an ETI of 0.21 and an annual hours worked elasticity of 0.05.
22 Hence, the labour supply response captures only part of the tax base response. This is consistent with the findings of Moffitt and 20 For each income subgroup we construct a new spline in log base-year income. 21 We always need to include medium income individuals as a control group, since we need a control group where there was hardly any change in effective marginal tax rates. 22 This intensive labour supply elasticity is in line with estimates of the labour supply literature, see Bargain et al. (2014) for an overview for European countries and the US, and Jongen et al. (2014) for recent estimates for the Netherlands. Wilhelm (2000) for high incomes in the US, but quite different from the findings of Thoresen and Vatto (2015) for Norway. We should note though that we measure contractual hours worked. To the extent that individuals work more hours due to the tax reform but this does not show up in their contractual working hours (e.g. top income earners), we may underestimate the hours worked response. However, note that the elasticity of taxable labour income also captures other effects on the tax base, like e.g. changes in effort more generally, changes in occupational choice and changes in tax avoidance via work-related tax deductibles.
Discussion and concluding remarks
In this paper we have estimated the elasticity of taxable labour income in the Netherlands. In our base specification, using log base-year income to control for mean reversion, for all workers we find an elasticity of 0.10 in the short run (1999) (2000) (2001) rising to 0.24 in the medium run (1999) (2000) (2001) (2002) (2003) (2004) (2005) . This elasticity is robust to how we control for exogenous income growth, the lower income threshold and the choice of base year. Our estimate is in between the higher estimates for Anglo-Saxon countries and the lower estimates for Scandinavia. Furthermore, our estimate is close to the recent estimates for France and Germany. We also find that the elasticity is bigger for higher incomes and for women. Furthermore, we find that the elasticity of taxable labour income is higher than the elasticity of (contractual) annual hours worked, indicating that the (contractual) hours worked responses do not capture all tax base responses. Our findings have potential important implications for policymaking. In particular, when there are no fiscal or other externalities associated with the tax base responses, the deadweight loss from marginal tax rates are substantially higher when using the elasticity of taxable labour income than using the elasticity of annual hours worked. For example, using a value of 0.25 for the elasticity of the tax base of the top rate, Jacobs et al. (2013) calculate that the current top tax rate is close to the top of the Laffer-curve.
We conclude by noting that there are a number of limitations to our data set and our tax-benefit calculator that prevent us from studying a number of additional issues. First, we cannot control for income effects since we have no information on unearned income. However, most ETI studies find that income effects are relatively small compared to substitution effects (Saez et al., 2012) . Second, although we have self-employed in our data set, we can not study their ETI because we do not have a tax-benefit calculator to calculate their effective marginal tax rate. Third, we would like to have longer pre-reform data on income, so that we can better control for exogenous income growth and address remaining concerns about the potential endogeneity of the net-of-tax rate instrument (Weber, 2014) . Finally, we would like to have more information on tax deductibles, so that we can decompose the changes in the ETI into its components and also estimate the elasticity of taxable income. In this respect the IPO (Income Panel) data set of Statistics Netherlands looks promising. This data set is available for a much longer pre-reform period, and has information on unearned income and additional information on tax deductibles. However, for the moment there is no tax-benefit calculator for the IPO for the years before 2001. Notes: Heteroscedasticity robust standard errors clustered at the individual level in parentheses, * denotes significant at the 10% level, ** at the 5% level and *** at the 1% level. Observations are weighted by population weights and 1999 income. Base specification projecting synthetic incomes out of 1999 and using socioeconomic individual and household characteristics and sector dummies for 1999. Sector dummies are included but not reported (available on request). The sample is restricted to individuals with labour income >10,000 euro in 1999. 1999-2001 1999-2002 1999-2003 1999-2004 1999- Notes: Heteroscedasticity robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Observations are weighted by population weights and 1999 income. Base specification projecting synthetic incomes out of 1999 and using socioeconomic individual and household characteristics and sector dummies for 1999.
The sample is restricted to individuals with labour income >10,000 euro in 1999. Notes: Heteroscedasticity robust standard errors clustered at the individual level in parentheses, * denotes significant at the 10% level, ** at the 5% level and *** at the 1% level. Observations are weighted by population weights and 1999 income.
Base specification, using log base-year income as the income control, projecting synthetic incomes out of 1999 and using socioeconomic individual and household characteristics and sector dummies for 1999. Sector dummies are included but not reported (available on request). The sample is restricted to individuals with labour income >10,000 euro in 1999. a Base specification.
